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PREFACE 
On June 2, 1963, my third child, Brooks, was born with 
a bilateral cleft of the lip and palate. At that time three 
different doctors told me that the deformative was not of a 
hereditary nature but that they did not know the actual 
cause. In the two years since that time, I have done con-
siderable library research on the whole broad subject of 
cleft lip and palate and this report is an outgrowth of 
that research. 
This renort has been an attempt to review the literature 
and to r•eport and discuss some of the rnore commonly accept-
ed theories and studies dealing with conpenital clefts of 
the lip and palate. It is hoped that the reader sill gain 
a partial understanding of birth defects in general and 
cleft lip and palate in specific, and also obtain an 
appreciation, as I have, for the incredibly large amount of 
study and research that is being conducted in an effort to 
eliminate such defects. 
Indebtedness is acknowledged to Dr. George Kimball and 
Dr. Lyndon D. Peer for their assistance in locating current 
research reports; and to my wife, Starley, for the typing 
of the manuscript; and to the National Science Foundation 
and Oklahoma State University for making this year of study 
possible. 
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CHAPTER I 
INTRO Dr CTI ON 
Birth defects have been recorded since the bepinning of 
history. Since early man had no concent of the manner in 
which birth defects occured, they have always been associ-
ated with superstitions. For this reason the belief that 
impressions of the mother may influence the coming birth 
has always prevailed without any real proof that maternal 
impression can in any way affect her child (1). Primitive 
people, knowing little of scientific biology, have believed 
that the birth of a defective child was due to various 
superstitious reasons such as punishment or a result from 
intercourse between humans and animals. 
Cleft lip and cleft palate date back to the bepinninp 
of the human race. Dorrance states that the earliest record 
of cleft palate was reoorted by Smith and Dawson of London, 
in their work "Egyptian Murrimies". Galen observed cleft lip 
during the 2nd century A.D. and names it larocherlos (lip 
like a hare). Centuries later cleft lip was described by 
certain Arabian physicians. Ambroise Paie (1510-1590) was 
familiar with cleft lip and cleft palate and is credited by 
some writers with the invention of an artificial palate for 
the improvement of speech (2). 
1 
'J 
2 
Before 1940, attempts to study cleft lip and pilate were 
mainly restricted to studies of incidence in special pop-
ulations and amona families of probands ( af'fected individ-
uals). Followinp- the announcement in 1g40 that congenital 
malformations had been nroduced in rats whose mothey,s had 
been reared on deficient diets a new era of investipation 
began (3). From that time until today, there have been 
earnest attempts to search for environmental ar::ents in the 
causation of cleft lip and palate. 
The following material which has been mainly limited to 
that which is found in the Oklahoma State University Library, 
is a partial review of the findings of these recent lnvesti-
gations. Although the amount of current literature related 
to clefts of all types is volumentous, that which appears 
in this report is hoped to be fairly representative. 
The findings have been attempted to be placed in a logi-
cal'order and as a result the material is o~esented under 
three headinps: pathogenesis, incidence, and e~iology. 
CHAPTER II 
PATHOGENESIS 
It is probably easier to understand the defective for-
mation of the lip and palate if the norrr,al development is 
understood first. According to Gilbert: 
11 Life begins for each of us at an unfelt, 
unknown, and unhonored instant when a minute, 
wrigp:ling sperm plunges headlon@' lnto a mature 
ovum or erg. The nuiet ov1Jm, as if electrified 
by the entrance of this strange creature, reacts 
with violent agitation, a spurt of activity, and 
a release of all the man-forming potencies that 
are inherent in ths human egg-cell. It is at 
this moment of fusion of the sperm and the o,mm 
that a new human being is created. After the 
ovum has been fertilized, this single egg-cell 
divides into two cells; soon these two split 
into four, the four split again to make eight, 
and it is estimated, forty-four successive 
di vis;ions take place frorn the time the ovum is 
fertilized until the baby is ready to be born. 
When we realize that between conception and 
birth the organizm develops from a single cell 
into a hurrnn being composed of trillions of 
cells which have differentiated to form muscles, 
bones, nerves and highly specialized orgnns, we 
can understand how something can go wrong in thB 
developmental process to cause a child to be 
born with an abnormali ty 11 ( l..1J • 
Cleft lips and cleft palates seem to result from the 
persistence of clefts whfch were nopmal at certain early 
stapes of 3evelopment. By the end of the first month of 
development at the head end of the embryo, the".'e is a wide 
hole which will beconIB the mouth and a bar below it which 
will be come the lower jaw. During the second month the 
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face develops rapidly. The lower jaw is formed from tbs 
bar which was present earlier and the upper jaw is formed 
from the tissue which prows forward frorn the angles of the 
mouth. The nose also develops at this time and part of 
this tissue grows downward to form the central part of the 
upper lip. This central part joins with the parts which 
grew forward from the anples of the mouth to make the upper 
lip complete, the union occuring at a8out the end of the 
second month. Anything interfering at this time with the 
union of the middle and side parts of the lip produces a 
cleft lip. 
Since the face is not formed all in one piece at the 
start, neither is the roof of the mouth. First the sides 
of the upper jaw form and at this time there is a cleft 
between the sides which extend all the way from the front 
to the back of the mouth. Gradually the sides of the upper 
jaw grow around until, near the end of the thi~d month; 
they join in tbs front of the mouth. The nalate then forms 
from the sides of the upper jaw which prow toward the middle 
of the mouth. The sides mBet first in the front of the 
mouth where they unite. Gradually this union occurs all 
along the roof of the mouth until, by the end ot the third 
month, the entire roof of the mouth is completely closed. 
If something interferes with this fusion of the sides of 
the jaw when it is starting a cleft will extend throughout 
the length of the palate. If part of the roof of the mouth 
has been completed before disturbance occurs then there is 
5 
only a partial cleft of the palate (S). 
The cleft lip and cleft palate pathogenesis is oarticu-
larly interesting because it provides the basis for hypothe-
sizing (discussed later in report) that the developmBnt of 
the normal lip and palate differ both in mechanism and in 
time and that agents which affect one would not necessarily 
affect the other. In other words, clefts of thB lip and 
palate may have different causative factors (3). 
__ j 
CHAPTER III 
INCIDENCE 
A study of the incidence of cleft lip and palate is e~-
tremely important since almost all studies on the different 
causative factors are based upon incidence rates. The 
number of cases of cleft lip and palate renorted to occur 
in the United States or any other country is a gross esti-
mate based on isolated bits of information taken from vital 
statistics, crippled children's registers, hospital records, 
private surveys and other sources. 
From figures compiled by most researches, one would tend 
to conclude that cleft cases are occuring mor•e frequently 
today than formerly. For example, Hixons (3) research 
shows a wide variation in estimates of cleft lip or cleft 
palate incidence with a definitely increasing rate over the 
years (Table I). Possible sources of variation in the data 
which may explain the apparent increase are case sources, 
sample size, and decreased perinatal mortality. The data 
represented in Table I should be viewed primarily as a 
range of values for cleft lip and palate incidence rather 
than an indication of any real increase in the case rate. 
In a study by Mildam (6), it is reported that there is 
6 
\ \. 
TABLE I 
ESTI}VfATES OF THE FRE0UENCY OF CLEPT LIP AND CLEFT PALATE 1: 
Year 
1864 
1908 
1918-19 
1926-
1931 
1934 
1934· 
1928-37 
1910-40 
1Q38-39 
1°42 
1Q3S-1.i.4 
1Q42-47 
1Q43-49 
1948-50 
1C)48-S5 
1940-50 
1951-55 
1955 
1953-57 
Location 
St. Petersburg, Russia 
London, England 
United States 
Baltimore, Md 
White 
Negro 
Lubeck, Germany (pop.) 
Birth re cords 
Holland 
Hamburg, Germany 
Gothenberg, Sweden 
Denmark (All births) 
Live births 
Hawaii 
Penns~rl vania 
Wisconsin 
Hawaii 
Ontario, Canada 
Pennsylvania 
New York 
Birmin~ha~, Enrrland 
Pennsyl va.nia (Birth Rec.) 
All Possible sources 
California 
Denmark 
1
'" Greene ( 3) 
Number 
of 
Cases 
118 
39 
1,466 
24 
17 
7 
28 
102 
16 
74 
28 
193 
175 
35 
2_50 
736 
q3 
6Q5 
766 
1,414 
285 
l,2h9 
1,592 
368 
644 
Sample 
Size 
180,000 
67, 9~-5 
2,510,791 
28,985 
15,565 
12,550 
34,000 
102,823 
15?70 
47,200 
27,000 
128,306 
121,102 
18,024 
202,501 
567,r:og 
LL7,lc:'.3 
6S5,322 
C'.83,6QO 
1, 2h2, 74L~ 
218,Ao3 
1,201,976 
1,201,976 
313,164 
393,L~57 
Cases 
per 
1000 
persons 
o.66 
.57 
.53 
.85 
1.09 
.56 
.82 
.99 
lvOS 
1.57 
1.04 
l._50 
1.45 
1.08 
1.23 
1.30 
1. 0 7 
1.06 
1.31 
1.1~-
l. 30 
1.06 
1.32 
1.18 
1.64 
Study 
popu-
lation 
per case 
1:1,525 
1:1,742 
1:1,880 
1:1,170 
1:915 
1:1,793 
1:1,214 
1:1,008 
1:954 
1:638 
1:964 
1:665 
l:602 
1:550 
1:810 
1:770 
1: 5'07 
1:9h3 
1:762 
1:878 
1:767 
1: 9~.7 
1:754 
1:851 
1:754 
\ 
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usually an under-reporting of incidence of clefts. From 
1935-1960 the incidence rate for the United States has 
ranged from 0.78 per 1000 births to 1.95 per 1000 births. 
This report shows that there is probably an 18-27?& under-
reporting when only vital records or hospital records are 
used. The report gives additional light as to why the wide 
variation in reported incidence. 
An accurate ratio of cleft lip and palate births to all 
live births is not available for the United States. But 
most reporters seem to ap.:re e fairly we 11 with the Curt is-
Fraser-Warburton reno".'t figure of 1 per 1000 bh·ths ( 7). 
In the study of Rank and Thomson (8) they report that 
one of every six hundred children born alive in Tasmania, 
Australia, suffers from cleft lip witb or without cleft 
palate. This is the highest incidence rate that was found 
in research for this report. 
Sex of Child and Type of Cleft 
Many large studies are available to provide information 
on the distribution of cases by sex and by type of cleft 
defor~ity. The sources of information and methods of data 
collection differ in these studies, but, with few excep-
tions, they agree fairly well on several points; cleft lip 
and cleft palate occvr more freauently topether than 
separately; clefts of the liD with or wi thov t as soc ia ted 
clefts of the palate are more common in the male than in 
the female (58:h2); cleft palate cases are more common 
in the female ( C'.'q: hl) ; cleft lip cases a.,,.,e more o:ommon in 
males (64:36); cleft lip anr:'l palate are more common in 
males (62:38). This peculiar sex distribution of the types 
of clefts was devised by Loretz-Westmoreland-Richards (q) 
( Table II). 
The sex distribution of different types of clefts led 
Fogh-Anderson to hypothesize that cleft lip, with or with-
out cleft palate, may be etiologically distinct from iso-
lated cleft palate (10). 
Race 
The facial cleft case rates differ between the white and 
some non-white races so greatly that most researchers have 
postulated that race mivht be a s5~nificant factor in the 
occurance of such clefts. 
In a study by Lutz and Moor (10) t::iey reoor>ted on 303 
cleft cases amonp births in a hospital. By race, the cleft 
case rates per 1000 live births 
Mexican, 1.25; and Negro, 0.71. 
were: Caucasians, 1.00; 
Many times a person of 
Mexican ancestry will have Caucasian marked on his hospital 
record and this makes actual incidence rates hard to deter-
mine. Lamy and Fregal (11) reported the incidence rates 
comparing Caucasians, yellow, and Negro groups as follows: 
Caucasian; .13%; yellow race, .2h~; Negro, .06%. These 
figures are all within the commonly reported ranpes that 
have been found in the research for this report. 
In another interesting aspect of incidence by race, 
9 
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TABLE II 
CLEFT LIP AND CLEFT PALATE BIRTHS BY SEX AND TYPE 
OF CONDITION IN SELECTED .AREAS-'' 
Type of Condition 
by Area 
Cleft lip and/or 
palate, total 
California 
Denmark 
Ontarie 
Pennsylvania 
Cleft lip and palate 
California 
Denmark 
Ontario 
Pennsylvania 
Cleft lip only 
California 
Denmark 
Ontario 
Pennsylvania 
Cleft Palate only 
California 
Denmark 
Ontario 
Pennsylvania 
Number of births 
3ti8 
625 
631+ 
751 
1S5 
360 
3lti 
278 
102 
138 
19.5 
292 
111 
127 
123 
181 
*Loretz-Westmoreland-Richards (9) 
10 
Percent 
Male Female 
S/1 62 
60 
56 
58 
71 
63 
51-1--
60 
6C'. 
./ 
65 
67 
46 
38 
40 
44 
40 
35 
35 
33 
._J 
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Krantz and Henderson (13) studied the frequency of cleft 
cases in relation to maternal ancestry. This study demon-
strated lower rates among offspring of mothers of "unmixed" 
ancestry than among children born of mothers of "blended" 
ancestry. They found that children of Filipino mothers who 
are a blend of black, brown, yellow, and white races have an 
attack rate sipnificantly higher (J.50 uer 1000 live births) 
than children born to Caucasian mothers (0.5 per 1000 live 
births). 
Although most of these studies of racial factors consist 
of limited observations made on selected populations, they 
strongly suggest that there are differences in attack rates 
among the races. The rates are lower for Negroes than for 
whites, and the rates are higher for 11 blended 11 races than 
for whites. 
Age of Mother 
Green (3) reports several studies which show a dispropor-
tionately larre number of babies with clefts born to mothers 
more than 35 years of age. These studies demonstrated a 
positive relationship between older parental age and the 
incidence of cleft lio and cleft palate comhined. But 
several other studies have shown that there is not any 
relationship between the age of the mother and clefts in 
children. If an association does exist between maternal 
age and the incidence of clefts, the association is not 
very pronounced, because the literature contains a number 
. __/ 
_/ 
of studies which deny the association ana a number which 
surport it • 
12 
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CHAPTER IV 
ETIOLOGY 
The apparent differences in he freouency of occurance of 
cleft lip and cleft palate cases according to sex, race, 
and parental afe serve as clues to discover the causes of 
cleft lip and palate. According to Dr. Rustin McIntosh, 
the ultimate hope of all scientif:i.c investigation is that 
sufficient understandinv of causes may develop to permit 
prevention. 
Heredity, nutrition, stress, parental ape, infectious 
diseases, and x-radiation have been indicated as possible 
etiological factors. In this report the author limited the 
study to two areas: (1) Hereditary and (2) Environmental 
consisting of parental age and nutrition. 
Heredity 
The role of heredity in the etiology of cleft lip and 
cleft palate has been investigated extensively and the 
evidence clearly shows heredity to be one of the causative 
factors. Rank and Thomson (8), in their Tasmania re~ort, 
believed so stronply in the hereditary nature of clefts 
that they reco~mended that miprant families known to carry 
the trait for cleft lip or cleft oalate should not be 
13 
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freely admitted to the community. 
Clefts are dependent, in cart, on the baby's genes, but 
the genetic basis for the defect may te different in diff-
erent cases. There is a rather rare tyce of cleft lip 
associated with little pits on the lower lip, which are the 
openings of extra salivary glands in the lip. The extra 
salivary glands are caused by a dominant gene, and about 
1/2 the people who inherit the gene have a cleft lip and/or 
palate as well as the extra glands. So in this type of 
cleft, the genetic basis is fairly clear-cut, and one can 
predict that each child of a person with the defect has one 
chance in two of inheriting the gene, and therefore one 
chance in four of having a cleft lip and/or cleft palate (1). 
Apparently the most com.man type of research to determine 
possible genetic factors has been to study the family 
ancestry of an affected child to determine the possibility 
of hereditary factors in a family proup. In a study by 
Curtis-Fraser-Wa-rburton (7); they re-co-rt that althoui:ih most 
of the clefts do show a familial tenrlency, they do not con-
form to any simple Mendelian pattern oP inheritance. The 
study took information from three comparable family studies, 
combined the results and derived some "risk fip-ures" for 
genetic counseling. The risk figures were derived from 
1583 families which had a child with a cleft lip with or 
without cleft palate. (Table III). 
They found the frequency of defect in the general popu-
lation to be 0.1%. In the situation where one of the 
__ j 
TABLE III 
COUNSELING RISKS FOR CLEF'T LIP WITH OR WITHOUT 
CLEFT PALATE ( CL:tCP) AND CLEFT PALATE 
(CP) FOR VARIOUS FAMILY 
SITUATIONS~:-
I. Frequency of defect in the general 
population. 
II. My spouse and I are unaffected 
A. We have one affected child 
What is the probability that our 
next baby will have the same con-
dition if: 
(1) 
(2) 
( 3) 
(4) 
We have no affected relatives: 
There is an affected relative: 
Our affected child also has 
another malformation: 
My spouse and I are related 
What is the probability that our 
next child will have some other 
sort of malformation? 
B. We have two affected children 
What is the probability that our 
next baby will have the same 
condition: 
III. I am affected (or my spouse is) 
A. We have no affected children 
What is the probability that our 
next baby will be affected 
B. We have an affected child 
What is the probability that our 
next baby will be affected? 
-::-Fishbein ( 1) 
15 
Proband has 
( CL'tCP) ( CP) 
.1% 
2% 
4.'.fa 
2% 
7% 
2% 
2 <11 /0 
Same as gen-
eral popula-
tion. 
1% 
4% 6% 
17% 15% 
16 
parents is affected, the probability that their child will 
be affected is 4~ as compared to normal parents probability 
of 0.1%'. But if the couDle in which one of the members is 
affected should have one affected child, then the proba-
bility of their next child being affected roes up to 17%'. 
In another study based on a 40% return of questionnaires 
sent to one thousand mothers of children with repaired 
clefts, it was found that 23%' of the children has positive 
family histories (3). This data may not be too reliable 
since only 40% of the mothers responded to the questionnaire 
and they could differ widly from the other 60%. 
Further evidence that cleft lip and/or cleft palate is of 
a hereditary nature comes from twins. When the twins are 
monozygotic, they both have exactly the same renes, and if 
one has a cleft lip, the other is likely to have one too--
specifically in about 40% of such pairs. If the twins are 
dizygotic, they are renetically different, and they are 
alike for cleft lip and/or cleft palate only about~% of 
the time. This comparison clearly shows that the genes 
must have something to do with deciding whether a baby will 
be born with some type of cleft (1). 
By working with different strains of mice and injecting 
the pregnant females with cortisone (cortisone usually in-
duces cleft palates), Loevy (12) was able to determine which 
strains were susceptible and which ones were resistive to 
cleft palates. Then by crossing resistive female strains 
with resistive male strains, there were marked reductions 
_ _./ 
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of number of induced clefts. He also found the opnosite to 
be true when crossing susceptible strains top ether. This 
type of experiment gives additional evidence that there is 
genetic factor involved in clefts. 
There are many different theories offered to explain the 
possible mode of inheritance. It would be out of the scope 
of this report to discuss all of the available theories, 
but a few of the more commonly reported ones will be sum-
marized. 
Rank and Thomson (8) suggest that at least two main 
genetic complexes are involved in cleft lip and cleft palate; 
and that one or more dominant autosomal genes of reduced 
manifestation probability are responsible in each case. 
Another theory is that the genetic factors occur both as 
dominant and recessive and that the abnormality may skip a 
generation because of varible eYDJ'.'essivity or reduced 
pen trance ( 3). 
In a study by Loevy (12) he reports that Reed and Snell, 
working with house mice, have presented evidence to show 
that cleft lip, with or without cleft palate, is a result 
of multiple genetic factors interacting with environmental 
ones. According to their findings, Loevy says that it is 
probably that cleft lip res1Jlts when a smaller number of 
cumulative genes are present in the homozygous condition. 
Green (3) recorts that Fogh-Anderson surgested that 
cleft lip and cleft palate are two ~enetically independent 
malformations; and that in the case of cleft lip and cleft 
.. _/ 
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the responsible gene generally is recessive, but under 
favorable conditions the defect is also manifested in 
heterozygotes. Also that cleft palate is genetically 
determinal in only a small number of cases and that the 
manner of inheritance is that of simple dominance with low 
penetrance. 
Another theory of inheritance is that more than one or 
two genes are factors in producing cleft lip and palate; 
that there is at least one autosomal p-ene and one partially 
sex-linked gene, and that they are probably recessive (3). 
Environment 
As discussed earlier in the chapter dealinp with inci-
dence, many researchers believe that parental age is one of 
the causative factors in the development of cleft lip and/or 
cleft palate. The risk of producing a child with a cleft 
lip with or without cleft palate is said to be decreased in 
younger parents and increased in older parents. One of the 
theories, as to why, proposes that this is due to differ-
ential gametic selection with advancing parental age. As 
the parental age increases, there is a relaxation of selec-
tion against those gametes containinp a possible genetic or 
chromosomal mechanism predisposinF the cleft lip and palate 
( 13) • 
Langman recently reported on inte~estinp work on the 
influence of teratogenic (malrormation p~ojucing) apents 
on serum proteins (3). He found that a number of environ-
__ ,.,/ 
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mental teratopenic facto~s which caused conpenital malfor-
mat:i.ons in animals were accomplished by a disturbance in 
maternal serum proteins. He studied protein metabolism, 
the risk of abnormally ending a pregnancy was increased. 
This indicates that clefts may result from some unknown 
factor which interferes with the metabolic processes in the 
mother; the factor may possibly be related either to the 
mother's dietary intake or to a genetic factor. 
Some of the most recent research into environmental 
causes of clefts is being conducted on vitamin deficiency. 
The Peer-Walker group of East Orange, New Jersey, is one 
group doing this type of reseanch (4). They now have a 
total of 211 births reconded fro~ vitamin treated orepnan-
cies in women who previously delivered cleft lip or cleft 
palate children. After deleting cases who took vitamins 
but became nauseated and discontinued them and women, who 
on careful questioninp took their vitamins too lats (after 
2 1/2 months of pregnancy), they found that out of their 
total series of 211 birth they had only 2 cleft palate 
births and no cleft lips. This amounts to about 2% com-
pared to th~ generally accepted 5% expected to occur in a 
control group of women who had given birth to cleft lip or 
cleft palate children, became pregnant a~ain and do not 
take supplemBntal vitamins during the early months of 
pregnancy. 
Since the 5{ in the control v~oup series were collected 
by ouestionnaire forms, ~twas nossible that some s~all 
./ 
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clefts in the lips were omitted by the mothers answering the 
questionnaires. That would brinp the probable expectance 
of cleft lip and cleft palate births in untreated mothers 
to about 7% which is the fipupe that Dr. Peer says Shelden 
Reed, a noted genetic counsellor, accepts. 
Dr. Peer also states the findinps of a Hopkins Group in 
humans that the administration of vitamin D (which is toxic 
in excess) to pregnant women resulted in deformed children 
indicates that an excess of vitamin A or Dor a deficiency 
in A, Dor the B vitamins may be causative factors in pro-
ducing birth deformities in humans. 
The current literature is filled with many studies deal-
ing with possible environmental factors in the development 
of cleft lip and palate. Some of the more commonly reported 
factors, in addition to those mentioned in the report, are 
stress, infectious diseases, and radiation. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
The purpose of the report was to review the literature 
in an attempt to gain understanding as to the development, 
incidence, and cause of cleft lip and palate. Before 1940 
there was little scientific investigation dealing with 
actual causes. The literature cont a ins confl ic tinp: reports 
of wide variations in incidence by sex, parental ape, and 
race. Although, there is partial agreement that thE white 
and yellow races have a hipher incidence rate than do 
Negroes; and that cleft lip with or without cleft palate is 
more cormnon in males than females and cleft palate is more 
common in females than in males. The data on which many of 
these reports rest their conclusions are not completely 
adequate. 
Though there is strong evidence that both genetic and 
environmental forces are involved in cleft formation, the 
genetic mechanism is not clearly understood and the specific 
environmental agents have not been identified. The theories 
based on environment alone or ;on genetics alone do not fully 
explain the varied data found in the literature. There 
seems to be a quite complex interaction between flenetic 
mechanisms and envit'onmental factors in the development of 
21 
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clefts. 
Some of the more perplexing questions which remain un-
answered are as follows: Are some cases of cleft lip and 
palate purely genetically determined and others purely 
environmentally determined? Are there inherited modifiers 
of genetic and environmental teratopenic forcesY Are there 
environmental modifiers of p:enetic forces? The fact th.at 
investipators are now able to raise more intellipent 
questions about the roles of hereditary and envb:onment in 
cleft formation attests to the progress that has been made 
toward understanding the mechanisms involved. 
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